Gerbil cerebral cortical synaptosomes loaded with the fluorescent calcium probe FURA-2 were used to study depolarization-induced presynaptic cytosolic free calcium concentration, as an in vitro model of cerebral ischemia. The depolarization-induced increase in intra synaptosomal cytosolic free calcium concentration is not sodium-dependent or sodium channel-dependent and may be due to an influx of extrasynaptosomal calcium resulting from a cadmium-and omega-conotoxin sensitive, nickel-, nifedipine-, and nimodipine-insensitive voltage-regulated channel. The depolarization-induced increase in intrasynaptosomal free cytosolic calcium con-
There is a great deal of evidence to support the hypothesis that an uncontrolled, excessive, and prolonged increase in cystosolic calcium concentra tion [Calc plays an important pathogenic role in neu ronal death following cerebral anoxia or ischemia (Farber, 198 1; Hass, 198 1; Siesjo, 198 1; Hossmann et al., 1983; Van Reempts and Borgers, 1985) . Mechanisms that increase [Calc include enhanced calcium (Ca 2 +) conductance through voltage operated calcium channels (VOCCs), which is pro moted by increased extracellular potassium induced depolarization pursuant to anoxia or isch emia (Harris et al., 198 1; Holler et al., 1986) . Receptor-regulated Ca 2 + channels, particularly those operated by excitatory neurotransmitters such as glutamate, also provide an important mech anism of Ca 2 + influx following anoxia or ischemia (Choi, 1985 (Choi, , 1987 . These neurotransmitters may be centration is also inhibited by flunarizine, a calcium an tagonist that has protective effects in animal models of cerebral anoxia and ischemia. Our results suggest that presynaptic calcium uptake following depolarization may be mediated in part by an N-type channel. Flunarizine may block presynaptic calcium accumulation, in part, by blocking this N-type channel; this blockade may be just one of several mechanisms by which flunarizine exerts protective effects following cerebral ischemia. Key Words: Depolarization-Calcium-Flunarizine Synaptosome-Gerbil. neurotoxic at the concentrations released into the synapse following ischemia (Benveniste et al., 1984; Rothman, 1984) , the neurotoxic effects being medi ated by increased Ca 2 + conductance from the ex tracellular compartment (Choi, 1985 (Choi, , 1987 and by mobilization of intracellular Ca 2 + stores (Berridge and Irvine, 1989) . Although glutamate receptor blockade, particularly of the NMDA and AMPA subtypes of glutamate receptor, reduces neuronal death in cell culture (Choi, 1985) and in vivo when brain is examined histologically (Simon et al., 1984; Sheardown, 1990; Swan and Meldrum, 1990) , glu tamate receptor antagonists may have unacceptable toxicity in whole animals, and NMDA receptor an tagonists may depend in part on hypothermia for their cytoprotective effects (Buchan and Pulsinelli, 1990) .
A potential therapeutic target in anoxia and isch emia is pharmacologic regulation of Ca 2 + conduc tance and free cytosolic Ca 2 + concentration pre synaptically. Excessive presynaptic Ca 2 + accumu lation does occur within the first few hours following brain anoxia or ischemia (Van Reempts and Borgers, 1985) ; this accumulation may itself promote cell damage, and it may also be largely responsible for the excessive, neurotoxic extracel-lular accumulation of excitatory neurotransmitter that occurs in association with brain anoxia and ischemia (Benveniste et aI., 1984; Rothman, 1984) . Therefore, it is of potential importance to determine the mechanisms regulating presynaptic free Ca 2 + concentration following brain anoxia or ischemia.
Brain synaptosomes may be a useful model with which to study presynaptic Ca 2 + metabolism. Free cytosolic Ca 2 + concentration can be determined by preloading synaptosomes with fluorescent Ca 2 + ligands (Grynkiewicz et al., 1985) . The extrasynap tosomal medium can be manipulated in ways not possible with in vivo studies, permitting study of the isolated presynaptic compartment, which is generally not possible with cell culture or tissue slice preparations. Since potassium (K +)-induced depolarization is known to occur following brain anoxia and ischemia (Harris et al., 198 1; Holler et aI., 1986) , prolonged K + -induced depolarization of cerebral synaptosomes is a potential in vitro model for studying presynaptic free Ca 2 + concentration during brain anoxia and ischemia.
MATERIALS AND METHODS

Animals
Adult male Mongolian gerbils, 65-75 g, were decapi tated, and the brain rapidly removed. The cerebral corti ces were dissected free and immediately placed in 10 vol of 0. 32 M sucrose, pH 7.0, at 4°C.
Preparation of synaptosomes
All preparatory steps were performed at 4°C. The ce rebral cortices were placed in a motor-driven glass Teflon tissue homogenizer with a 0.5-mm separation and SUbjected to 10-12 strokes at 800 r/min. The homogenate was centrifuged at 1,500 g for 10 min. The supernatant was aspirated and centrifuged at 17,000 g for 30 min. The pellet (P2) was resuspended in 2 ml of 0.32 M sucrose, layered onto 10 ml of 1.2 M sucrose, and centrifuged at 50,000 g for 30 min. The interface layer was removed and diluted to 7 ml with 0.32 M sucrose, layered onto 4 ml of 0. 8 M sucrose, and centrifuged at 50,000 g for 15 min. The resultant pellet (P3) (Komulainen and Bondy, 1987) was used for synaptosome studies. Electron micrographs of the P3 fraction revealed synaptosomes containing synap tic vessicles and mitochondria, usually with an attached synaptic cleft and postsynaptic membrane.
FURA-2loading
Synaptosomes were suspended in HEPES buffer A, which contained the following: NaCl, 125 mM; KCl, 5 mM; NaH2P04, 1.2 mM; MgCI2, 1.2 mM; NaHC03, 5 mM; glucose, 6 mM; CaCI2, 0.02 mM; HEPES, 25 mM. Buffer A was adjusted to pH 7. 4 with NaOH. The final synaptosomal protein concentration (Lowry et aI. , 1951) was 1.5-2.5 mglml.
First, 1 ml of synaptosome suspension was incubated with 5 f1M FURA-2-am (Molecular Probes) in dimethyl sulfoxide (DMSO) for 40 min at 30°C in a shaker bath. Incubation was terminated by addition of 9 ml of ice-cold HEPES buffer A. Synaptosomes were centrifuged at J Cereb Blood Flow Metab. Vol. 13. No.6, 1993 9,500 g for 10 min and stored on crushed ice until used. Synaptosomes could be stored on ice for up to 8 h without an effect on results, although we used all synaptosomes within 4 h of final preparation for these studies.
Fluorescence
Synaptosomal fluorescence was measured at 30°C by continuous spectrofluorophotometry (Shimadzu RF 5000U) every 2 s using an emission wavelength of 510 nm and excitation wavelengths of 340 and 380 nm, with a bandwidth of 10 nm for both excitation and emission. The intrasynaptosomal free Ca 2 + concentration [Cais] was calculated by the method of Grynkiewicz et al. (1985) and corrected for temperature (Shuttleworth and Thompson, 1991) . The maximum 340/380 was determined following the addition of the calcium ionophore ionomycin, 2 f1M, at the conclusion of each experiment, followed by deter mination of the minimum 340/380 by the further addition of 10 mM EGTA in Tris buffer, pH 8.2. Prior to the ad dition of ionomycin or EGT A, an aliquot of the synapto somal preparation was quenched with 40 f1M MnCl2 to determine if FURA-2 had leaked out of the synapto somes.
Preincubation in pharmacologic agents
Synaptosomal pellets were resuspended in 200 f.d buffer A and incubated with one of the following com pounds: nickel (Ni), 100 f1M; Cadmium (Cd), 50 f1M; O-conotoxin GVIA (Peninsula), 1O�5_1O�7 M; flunari zine (Janssen), 1O�5_10�9 M; nimodipine (Miles), 1O�5_ 1O�7 M; or nifedipine (Sigma), 1O�5_1O�7 M. Flunari zine, nimodipine, and nifedipine were dissolved in �-cy clodextrin (Janssen). O-Conotoxin, Ni, and Cd were dis solved in Chelex-treated double-distilled H20. Nimo dipine preparation and incubation were carried out in the dark. In experiments utilizing O-conotoxin, flunarizine, nimodipine, and nifedipine, synaptosomes were sus pended in either nondepolarizing (5 mM K + ) or depolar izing (15 mM K + ) buffer A prior to the addition of phar macologic agent. The predepolarization of synaptosomes with the 15 mM K + was carried out only to determine whether partial depolarization-prior to incubation with O-conotoxin, flunarizine, nimodipine, and nifedipine would affect the action of these agents on [Cais] following depolarization at 60 mM K +. No differences in the effects of pharmacologic agents on [Cai.l were found between the use of depolarizing and nondepolarizing buffer prior to drug addition, and only results for nonpredepolariza tion are reported. Synaptosomes were subsequently in cubated for 10 min at 30°C following the addition of each pharmacologic agent with the exception of O-conotoxin, for which incubation was carried out for 30 min.
Depolarization
After incubation with the pharmacologic agent, each synaptosomal 200-f11 suspension was diluted to 2.0 ml with HEPES buffer B, 30°C, which differed from buffer A in that CaCl2 was increased to 1. 3 mM; either 5 mM KCl and 125 mM NaCI (as in buffer A) or 60 mM KCl and 70 mM NaCI were utilized. Fluorescence was determined and [Cai.l was calculated after 1 and 45 min of incubation at 30°C in either 5 or 60 mM of K + buffer B.
Statistical methods
Differences between the mean [Cais] (±SD) obtained in 5 and 60 mM K + at 1 and 45 min of incubation were analyzed for significance by the t test, because use of the Levene statistic revealed that the data met the parametric assumption of homogeneity of variance.
RESULTS
Depolarization of synaptosomes in 60 mM K + resulted in a significantly higher [Cais] than found in synaptosomes in 5 mM K + after both 1 and 45 min of incubation (Fig. 1 ). In addition, [Cais] increased over time in both 5 and 60 mM K + (Fig. 1) . In a separate set of experiments, the effect of 60 mM K + on [Cais] was determined in Ca 2 + -free buffer (using double-distilled deionized H 2 0 treated with Chelex). In Ca 2 + -free buffer, depolarization did not result in an increased [Cais] (Fig. 1) . Substitution for Na + with choline +, 125 mM, in buffer B or prein cubation of synaptosomes for 10 min with tetrodo toxin, 1 f,LM, had no effect on [Cais] in either 5 or 60 mM K + (Fig. 1) . Preincubation with nickel, nimo dipine, or nifedipine had no effect on K + -induced increases in [Cais] produced by depolarization with 60 mM K + (Fig. 2) . Flunarizine preincubation sig nificantly reduced depolarization-induced increases in [Cais] after I and 45 min (Fig. 2 ) at concentrations as low as 5 nM with an EDso of approximately 50 nM (Fig. 3) . O-Conotoxin preincubation also signif icantly reduced depolarization-induced changes in [Cais], particularly after 45 min of incubation ( Fig. 2 ).
DISCUSSION
We have used cerebral synaptosomes to study presynaptic events that may occur following cere-1 Min. depolarization bral anoxia and ischemia. Progressive and pro longed rise in extracellular K + and the resultant depolarization and Ca 2 + influx through VOCCs are known to occur following anoxia and ischemia (Harris et aI., 198 1; Holler et aI., 1986) . Prolonged depolarization and the continued uncontrolled rise in cytosolic free Ca 2 + concentration following isch emia may be damaging to neurones; in addition, excessive presynaptic cytosolic free Ca 2 + may in crease the release of excitatory neurotransmitters into the synaptic cleft to neurotoxic concentrations. Thus, mechanisms regulating the presynaptic cyto solic free Ca 2 + concentration following prolonged depolarization are of potential pathogenic and ther apeutic significance.
We demonstrate, as have others previously (Nachshen and Blaustein, 1979; Daniell et aI., 1983; Ogura and Takahashi, 1984; Nachshen, 1985) , that depolarization results in increased [Cais]' In addi tion, our results demonstrate that the [Cais] in creases with time during prolonged depolarization. It should also be noted that even in 5 mM K + buffer, there was an increase in [Cais] over time. Verhage et ai. (1988) reported a constant rise in [Caisl in nondepolarizing buffer at a rate of 13 nmol/ min at 37°C, although no mention is made of how long these measurements were carried out. If their data are extrapolated to 45 min, the [Cais] becomes different from that observed in our experiments, but differences in methods of synaptosomal preparation (sucrose vs. Percoll-C) and incubation temperatures (30 vs. 37°C) and the possibility that the rate of increase in [Cais] .] is significantly greater in 60 than in 5 mM K+ (p < 0. 01); b: [Ca;.] is significantly greater
In 5 m . M �+ �� 45 min than at 1 min (p < 0 : 01); c: [Ca;.] is significantly greater in 60 than in 5 mM K+ at 45 min (p < 0. 005); d:
[Ca;s] IS Significantly less (p < 0.005) than In control buffer in 60 mM K+ at 1 and 45 min. .] following potassium-induced depolarization: CON, buffer (see Fig. 1 .] is significantly less than [3-cyclodextrin control in 5 mM K+ at 45 min (p < 0.01) and in 60 mM K+ at 1 min (p < 0.01) and 45 min (p < 0.001); b: [Ca;.] is significantly less than in control in 60 mM K+ at 1 min (p < 0.01) and 45 min (p < 0.005); c: [Ca;.] is significantly less than in control in 60 mM K+ at 1 min (p < 0.01) and 45 min (p < 0.005).
these differences. The increase in [Caisl over time in 5 mM K + buffer is not due to FURA-2 leaking out of synaptosomes and gaining access to extrasynap tosomal Ca 2 +, since these values were not altered in our experiments by the addition of MnCI 2 , which would quench the signal arising from FURA-2-Ca 2 + in the extrasynaptosomal space (Komulainen and Bondy, 1987) .
Synaptosomes may be partially depolarized in 5 mM K + buffer due to a lower intrasynaptosomal [K +], possibly due to a loss of K + during synapto somal preparation. Another mechanism that might favor an increase in [Cais] over time is running down of the Na + gradient, which could result in reduced or reversed Na + ICa 2 + exchange. However, if Na + I Ca 2 + exchange was important in our synaptosomal preparation, the substitution of extrasynaptosomal Na + by choline should have resulted in increased [Cais]; however, this was not observed, suggesting that N a + ICa 2 + exchange is less important in synaptosomes than in preparations using sarco lemma, squid axon membranes, or rat optic nerve (Blaustein, 1977; Reeves and Sutko, 1980; Rahami mof et aI., 1980; Michaelis and Michaelis, 198 1; Pitts, 198 1; Schellenberg and Swanson, 1982; Stys et al., 1992) . Alternatively, Na+ICa 2 + exchange may be an important mechanism in synaptosomal preparations but may be physically restricted or compartmentalized, perhaps to the region immedi ately inside the cell membrane, and therefore may not be recognized in our preparation because it af fects too small a percentage of the total [Cais] FURA-2 fluorescence signal. Although using a dif ferent technique, measuring 45 Ca 2 + flux rather than J Cereb Blood Flow Metab, Vol. 13, No.6, 1993 free cytosolic [Ca 2 +], Turner and Goldin (1985) ob served that choline substitution for Na + resulted in increased 45 Ca influx, presumably by means of re versed N a + ICa 2 + exchange, with the increase in Ca 2 + influx reaching a plateau within 1 s. Since our first measurement was at 1 min, we might not have observed a similar effect in our experiments. Fur thermore, since Turner and Goldin observed no Na + efflux in synaptosomes preloaded with 22 Na + during depolarization, it can also be inferred that Na + ICa 2 + exchange does not occur during K + induced depolarization. Toescu (199 1) demon strated that Na + ICa 2 + exchange does occur in neu rohypophysis nerve terminals for up to 10 min after lowering the extracellular Na + concentration, but Toescu also demonstrated that the primary route of calcium entry is via tetrodotoxin-sensitive Na + channels, a phenomenon not observed by us or oth ers (Turner and Goldin, 1985) and probably reflect ing features peculiar to the highly specialized pep tide-secreting neurons studied by Toescu. There are a number of potential sources of the Ca 2 + that contribute to depolarization-induced in creases in [Cais]' One source of Ca 2 + is via influx from the extracellular space (in this case, the extra synaptosomal space) through cytoplasmic mem brane VOCCs. We attempted to identify the type of VOCC that could mediate Ca 2 + uptake by synap tosomes (and, by inference, presynaptic Ca 2 + up take) following prolonged depolarization. Nickel, which blocks T-type VOCCs (Fox et al., 1987a) , had no effect on [Cais] after depolarization. Nach shen (1985) following depolarization with 60 mM K+ for 1 min or 45 min. Cerebral cortical synaptosomes were preincubated with flu narizine at concentrations varying from 5 x 10-6 to 5 X 10-11 M for 10 min at 30°C in buffer containing (in mM): NaGI 125; KCI 5; NaH2P04 1.2; MgGI 1.2; NaHC03 5; glucose 6; CaCI2 0. 02; HEPES 25; adjusted to pH 7.4 with NaOH. The synaptosomes were centrifuged and the pellet resuspended in buffer in which GaCI2 was increased to 1.3 mM and that contained either NaGI, 125 mM, and KCI, 5 mM, or NaCI, 70 mM, and KCI, 60 mM. Each point is the mean value of 12 experiments. Values are expressed in nanomoles of intrasyn aptosomal free [Ga 2 +] ± SO.
nickel, but only during the first 2 s of depolariza tion, which is too rapid for detection in our system. Single-channel recordings demonstrate that T-chan nels have open times measured in milliseconds (Fox et aI., 1987a) and that they are low-threshold chan nels that open during weak depolarizations to rela tively negative membrane potentials (Fox et aI., 1987a (Fox et aI., , 1987b ; this is in contrast to the more pro longed periods of strong depolarization employed in our experiments. Cadmium, an N-type and L-type VOCC blocker (Fox et aI., 1987a) , significantly re duced depolarization-induced [Ca.;s] increases. Pre incubation with nimodipine and nifedipine, dihydro pyridine L-type VOCC blockers, had no effect on depolarization-induced changes in [Cais]' These re sults with L-type calcium channel blockers have been previously observed by some researchers (Nachshen and Blaustein, 1979; Daniell et aI., 1983; Ogura and Takahashi, 1984) but not by all (Turner and Goldin, 1985) . The impairment of depolariza tion-induced increases in [Ca.;s] by O-conotoxin and cadmium, in the absence of an effect of L-channel blockers, particularly after 45 min of depolariza tion, suggests that operation of a VOCC similar to the N-type channel may possibly be responsible, but only in part, for the increases in [Ca.;s] seen in our experiments following depolarization. N-type channels may conduct Ca 2 + across strongly depo larized membranes (Fox et aI., 1987a (Fox et aI., , 1987b , such as produced in our experiments with 60 mM K + . Although N-channel inactivation is generally rapid in single-channel recordings (Fox et aI., 1987a (Fox et aI., , 1987b , channel open times are possibly prolonged under the conditions of our experiments. Recently, a voltage-regulated Ca 2 + channel was identified that is inhibited by spider venom (Llinas et aI., 1989; Cherksey et aI., 199 1; Turner et aI., 1992) ; it is referred as to the P-type Ca 2 + channel, is presyn aptic in location, and may be important in regulating presynaptic [Ca.;s]' We have not employed spider toxins to determine if P-channels are present in our preparation, but recent work (Turner et aI., 1992) suggests that P-channel function is at least partially responsible for conduction of extrasynaptosomal Ca 2 + into synaptosomes. Flunarizine, a Ca 2 + antagonist with cerebral pro tective effects following ischemia (Van Reempts et aI., 1983; Wauquier et aI., 1985; Deshpande and Wielock, 1986; Silverstein et aI., 1986; Alps et aI., 1988) significantly inhibited depolarization-induced increases in [Cais] following both 1 and 45 min of depolarization and inhibited [Ca.;s] increases to a greater extent than did O-conotoxin. Flunarizine had an EDso of approximately 50 nM, which is a considerably lower concentration than previously reported (Wibo et aI., 1983) . This discrepancy could in part be the result of differences in methods used to measure [Cais] and is possibly due to the method of synaptosome preparation; our use of low Ca buff ers resulted in lower basal [Ca.;s] and greater sensi tivity to depolarization (Verhage et aI., 1988) . Our results suggest that there are probably several modes of action of flunarizine in blocking depolar ization-induced increases in [Cais]' Other investiga tors have demonstrated that flunarizine can block T-and L-channels (Tytgat et aI., 1988) , as well as N-channel-mediated release of dynorphin A from hippocampal synaptosomes (Terrian et aI., 1989) , but not at the low concentrations observed in our experiments. Flunarizine-induced blockade of O-conotoxin-sensitive VOCC is a potential mecha nism of action, but it does not exclude the possibil ity of other mechanisms, such as blocking of the P-type VOCC channel (Llinas et aI., 1989; Cherk sey et aI., 199 1; Turner et aI., 1992) or mechanisms in addition to blockage of cytoplasmic membrane VOCCs.
The failure of depolarization to produce in creased [Cais] in the absence of Ca 2 + in the extra synaptosomal medium suggests that the rise in [Cais] seen following K + depolarization is the result of Ca 2 + influx through cytoplasmic membrane VOCCs and that inhibition of depolarization induced increases of [Cais] by flunarizine, Cd 2 + , and fl-conotoxin are due to blocking of Ca 2 + influx from extrasynaptosomal medium. However, an al ternative or additional mechanism explaining these effects may be impairment of Ca 2 + mobilization from intrasynaptosomal storage compartments, particularly the nonmitochondrial pools of Ca 2 + , such as the endoplasmic reticulum (Berridge and Irvine, 1989) . One of these compartments is a Ca 2 + mobilized intracellular pool (Finch et aI., 199 1; Miyazaki et aI., 1992) . The absence of extracellular Ca 2 + or VOCC blockade during depolarization by pharmacologic agents could impair mobilization of this intracellular, Ca 2 + -sensitive Ca 2 + pool. An other intracellular nonmitochondrial Ca 2 + pool is mobilized by the phosphoinositide 1,4,5-inositol triphosphate (IP3). It has been estimated that 30-50% of the nonmitochondrial pool of compartmen talized Ca 2 + can be mobilized by IP 3 (Seiler et aI., 1987) . IP3 production results from the interaction of an extracellular agonist, such as glutamate, with its receptor; the receptor, via G-protein coupling, ac tivates the enzyme phospholipase C (PLC). It has been suggested that increased cytosolic Ca 2 + con centrations can also promote increased IP3 produc tion by stimulating PLC (Eberhard and Holz, 1988) . Cytosolic free calcium may also act as a coagonist with IP3 to magnify Ca 2 + release from IP3-sensitive pools (Finch et aI., 199 1) . Even in the absence of extracellular Ca 2 +, K + -induced depolarization of rat cerebral cortex slices may result in increased IP3 accumulation, although not to the extent seen when extracellular Ca 2 + is present in millimolar concen trations (Gonzales and Minor, 1989) . Thus, depo larization and Ca 2 + influx via VOCCs could pro mote mobilization of intracellular Ca 2 + stores through increased production of IP 3 as well as mo bilization of Ca 2 + -sensitive Ca 2 + stores. The ab sence of Ca 2 + in the extrasynaptosomal medium or the use of agents, such as Cd 2 + , fl-conotoxin, or flunarizine, that impair influx of Ca 2 + via VOCCs could result in impairment of mobilization of the IPrsensitive and Ca 2 + -sensitive Ca 2 + pools. An additional mechanism explaining the effects of flu narizine and Cd2+ on [Cais] may be direct inhibition J Cereb Blood Flow Metab, Vol. 13, No.6, 1993 of IP3-induced Ca 2 + release from endoplasmic re ticulum (Seiler et aI., 1987; Palade et aI., 1989; Yoshii et aI., 1991) .
We incubated FURA-2-am in synaptosomes at 30°C. We found that FURA-2 loading at 37°C, fol lowed by the prolonged incubations employed dur ing depolarization, resulted in reduced synapto some viability and FURA-2 leakage out of synapto somes as revealed by reduction in fluorescence produced by Mn 2 + quenching. On the other hand, incubating FURA-2-am at 30°C frequently resulted in inadequate hydrolysis to FURA-2 with <30 min of incubation. When loading FURA-2-am at 30°C for 40 min, adequate FURA-2 hydrolysis was achieved and FURA-2 leakage was not observed after incubation in either 5 or 60 mM K + . For these reasons, FURA-2-am loading and incubations for study of [Cais] were carried out at 30°C, and the dissociation constant of FURA-2 was corrected for temperature (Shuttleworth and Thompson, 199 1) . The [Cais] we obtained at 30°C after 45 min of in cubation in 5 mM K + buffer was well within the range found by others in synaptosomes in nondepo larizing buffer (Verhage et aI., 1988 ). An additional reason for working at lower temperatures is that brain temperature is decreased during cerebral isch emia, falling to 30-3 1°C during bilateral carotid li gation in the gerbil (Cohan et aI., 1992) .
